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ABSTRACT 
At the heart of global societal issues lies the network of the United Nations Sustainable Development Goals (SDGs). 
These interconnected goals and their associated targets present a framework for achieving a better, more sustainable 
future for all by issuing a call to action to address major global challenges across a range of areas including basic needs 
and poverty, education, health, employment, justice, and many others. This is equally true in Africa, where dire needs 
remain in the context of the SDGs. While this continent made great improvements in terms of the earlier Millennium 
Development Goals, it nevertheless remains true that while progress was made, it was slow and uneven. In response 
to this, the post-2015 development agenda places a stronger focus on Africa, while responses from that continent have 
coalesced around the aspirations embedded in Agenda 2063. Space applications can, and do, play an indispensable 
supporting role in achieving the 2030 development agenda, and this recognition has recently been encapsulated in 
“Space2030” put forth in the UN Committee on the Peaceful Uses of Outer Space (UNCOPUOS). An important 
consideration in this regard is taking into account the great diversities in geography, environment, development, and 
technical capabilities across the African continent. Because the SDGs cannot stand in isolation, but also rely on regional 
and national development strategies for their implementation, the discussion will also reflect on these, for example the 
abovementioned Agenda 2063 in Africa. As such, this paper will discuss and present pertinent examples of how space 
activities have contributed to addressing societal issues relevant to the SDGs – in particular SDG 16 (peace, rule of 
law, justice) and 4 (education). These examples will suggest fruitful avenues for further embedding of space activities 
in service of societal goals in light of “Space2030”.  
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1. Introduction 
The United Nations Sustainable Development Goals 
(SDGs) encapsulate the collective desire of the world to 
eliminate the worst miseries of poverty and to set itself 
on a sustainable growth path. This manuscript considers 
how space (including space applications, systems, and 
related technologies) is currently embedded in Africa in 
support of the SDGs. In this regard, two particular SDGs 
are used – SDG 16 (“promote peaceful and inclusive 
societies for sustainable development, provide access to 
justice for all and build effective, accountable and 
inclusive institutions at all levels”) and SDG 4 (“ensure 
inclusive and equitable quality education and promote 
lifelong learning opportunities for all”) [1]. These two 
SDGs in particular are critical in the context of Africa, 
but all SDGs are critical for the continent’s future 
development [2]. 
This introductory section will provide some of the 
background to the SDGs in general, as well as the two 
which are of particular interest in this manuscript. The 
focus on Africa is motivated by the dire needs which 
remain in the context of the SDGs. These SDGs are a 
natural evolution from the 2000–2015 UN Millennium 
Development Goals (MDGs), which originated from the 
2000 Millennium Summit, and while not all of these 
goals or their individual objectives were achieved—a 
“serious, regrettable, and deeply painful” shortfall—
notable and worthy progress was made [3]. It is 
encouraging that, alongside the central focus on SD, the 
post-2015 development agenda “strongly placed” the 
focus on Africa [4]. It is also encouraging that Africa’s 
own Agenda 2063, which sets out the “strategic 
framework for the socio-economic transformation of the 
continent” [5] expands on and domesticates issues of 
sustainable development. The discussion will relate to, 
and use examples from, across the African continent 
since it is argued that sustainable, education, and peace 
and justice cannot be addressed in isolation. 
 
1.1 Space applications supporting justice (SDG 16) 
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In relation to SDG 16, it has been noted that “among 
the institutions most affected by corruption are the 
judiciary and police. The rule of law and development 
have a significant interrelation and are mutually 
reinforcing, making it essential for sustainable 
development at the national and international level” [6]. 
Therefore, it is enumerated among the targets of this Goal 
16 that it should “promote the rule of law at the national 
and international levels and ensure equal access to justice 
for all” and to “develop effective, accountable and 
transparent institutions at all levels” [6]. 
However, this Goal 16 was seen as controversial 
during its drafting period:  
“The mention of justice, governance and peaceful 
societies in the SDGs is seen as an important step, but one 
that will pose many challenges. Secretary General Ban 
Ki-Moon has put his support behind the inclusion of 
justice as a central pillar for achieving sustainable 
development. (…) The UN member states are set to adopt 
the final SDGs agenda at the Special Summit on 
Sustainable Development in New York in September, but 
the inclusion of Goal 16 in the final SDGs is not certain. 
Surprisingly broad support from a large majority of UN 
member countries—including a large number of 
developing countries—suggests that dropping this goal 
would be difficult at this late stage. While some 
influential countries are not supportive of Goal 16, others 
are pushing to reopen debate to set a more ambitious 
scope for the goal which could further jeopardize its 
inclusion in the final SDGs agenda” [7]. 
Moreover, it has to be underlined that justice can only 
provide for more security and stability if it is based on 
equitable judgements. Indeed, each community requires 
for its good and peaceful functioning a recognised justice 
whose judgements are considered as equitable to ensure 
sustainable development. Thus, this leads to lasting 
solutions by reducing tensions among habitants and 
populations [8]. This is of particular importance as on the 
Sustainable Development Knowledge Platform [9] it is 
indicated as “progress of goal 16 in 2017” among other 
aspects: “Violent conflicts have increased in recent years. 
Progress promoting peace and justice, together with 
effective, accountable and inclusive institutions, remains 
uneven across and within regions”. 
Therefore, if a judgement is not considered as 
equitable by its local populations or concerned persons, 
it will not provide for stability among the community 
leading to conflicts and more contentious cases. 
Judgements will not be accepted or no effort will be made 
to get them implemented:  
“Lack of access to justice means that conflicts remain 
unresolved and people cannot obtain protection and 
redress. Institutions that do not function according to 
legitimate laws are prone to arbitrariness and abuse of 
power, and less capable of delivering public services to 
everyone. To exclude and to discriminate not only 
violates human rights, but also causes resentment and 
animosity, and could give rise to violence” [8]. 
Nevertheless the question remains, how can a 
judgement be considered as fair, especially if the 
circumstances presented to the judges are not reflecting 
the true situation? Thus, satellite data may support 
governments and justice in their work for a more secure 
environment. This may be the case in large areas like on 
the African continent as satellite imageries can support in 
monitoring the environment and protect against illegal 
actions (such as illegal fishing/hunting, environmental 
pollution etc.). Therefore, the International Court of 
Justice (ICJ) admitted a long time ago (since the 1990s) 
the use of satellite data for territorial delimitation 
questions (result of wide geographical surface with low 
institutionalised infrastructure). These ICJ cases related 
to African countries will be analyzed in the first part of 
section 2. In the second part of that section, ICJ cases 
related to litigious issues outside of Africa will be 
presented to highlight further possibilities to use satellite 
data in trials. Additionally, new fields in which satellite 
data can be used to prove human rights violations will be 
presented [10]. 
 
1.2 Space applications supporting education (SDG 4) 
In relation to SDG 4, it is clear that education is one 
of the areas with the most potential to impact the world’s 
ability to achieve the desired development by 2030. As 
former South African president Nelson Mandela 
succinctly put it, “[e]ducation is the most powerful 
weapon we can use to change the world” [11]. This is 
further borne out by Le Blanc’s identification of the 
strengths of the connections between the various SDGs, 
and of all links, the strongest were between education and 
gender (goal 5), and between poverty and inequality [12]. 
In total, education was linked to seven other SDGs 
through their various targets. From this, it is clear that 
individual SDGs not only include their own ‘core’ 
targets, but also what Le Blanc terms “extended” targets 
which are related but fall under other SDGs [12].  
In relation to SGD 4, the analysis will only be 
concerned with tertiary education, and within tertiary 
education the focus will be on learning technologies. The 
second focus—Africa—is motivated by the dire needs 
which remain in the context of the SDGs as mentioned 
above. Education has been identified as one of four 
intersecting issues between the SDGs and Agenda 2063, 
making it a pillar for Africa’s future development (the 
other intersecting issues are technology, women, and 
inclusiveness) [4]. The third focus is on the role of space 
(and its related activities, technologies, and data) in 
helping to achieve SDG 4 in Africa. The UN Office for 
Outer Space Affairs (UNOOSA) identifies two key roles 
of space in terms of education, namely facilitating 
educational programme delivery, and motivating and 
encouraging students to pursue the sciences [13]. In 
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relation to the former, the role of space in supporting 
various technologies is emphasised, such as the provision 
of Internet services, and tele-education using video 
conferencing, web-based learning materials, and 
interactive space simulations. In relation to the second 
key role of space in terms of education, space itself acts 
as a motivator to spark curiosity and interest in the 
sciences, and can act as a vehicle for mobilising future 
generations of scientists. 
This is especially critical for Africa since scientific 
skills are the foundation of national prosperity. In relation 
to the role of space in supporting SDG 4, the Symbiotic 
Education Enabler Model for Space (SEEMS) was 
created to highlight that while space can advance this 
SDG both through supporting programme delivery, and 
through motivating students to pursue sciences (and of 
course space studies), these in turn can also advance the 
African space sector by developing both the cadre of 
future professionals that will comprise this sector as well 
as urgently needed skills in science and education 
provision [14]. In this way, it becomes possible to 
highlight the full complexity and symbiotic nature of 
education and educational technologies, Africa, and 
space. 
 
2. Goal 16 and the promotion of just, peaceful 
and inclusive societies 
As stated, the first set of examples here will revolve 
around satellite imageries in ICJ cases related to 
territorial delimitation questions on the African ontinent. 
By analysing the judgements of the ICJ, it can be revealed 
how important satellite data are in legal proceedings and 
how they can support judges in finding a fair judgement. 
Concerning territorial delimitation disputes, satellite data 
were used either to prove the historical evolution of 
geographical features which are essential to determine 
the course of the frontier, or to ensure and monitor the 
implementation of its judgments. The second set of 
examples will highlight that the ICJ accepted satellite 
data during various proceedings which were not related 
to the African continent, but are of special interest as they 
highlight the importance and utility of satellite images for 
trials. Indeed, they were not only useful for territorial 
delimitation questions to resolve geographical questions, 
but also to demonstrate environmental impacts of certain 
actions or to prove installations of military equipment. 
These examples serve to demonstrate the promise of 
space technologies and applications in serving the 
Space2030 agenda. 
 
2.1 Satellite data to prove the evolution of a border 
river 
One of the earliest cases which relied on satellite 
images is the judgement of the ICJ on the status of the 
Kasikili/Sedudu Island (Kasikili is the Namibian name, 
Sedudu the Botswana name for the island) between 
Botswana and Namibia [15] where the Court admitted the 
use of satellite images as proofs. Those satellite data were 
very useful to reveal the historical evolution of the ‘main 
channel’ of a river. This was indispensable to resolve a 
territorial delimitation question related to this Island of 
3.5 sq. km., located in the Chobe River and being 
frequently subject to flooding of several months’ 
duration.  
After considering the figures submitted by both 
parties, as well as surveys carried out at different periods, 
the Court concluded that the boundary between 
Botswana and Namibia around Kasikili/Sedudu Island 
followed the line of deepest soundings in the northern 
channel of the Chobe and that the Island formed part of 
the territory of Botswana. It has to be highlighted that 
Botswana has founded its arguments on scientific 
evidence [16]:  
“that the northern channel, by reason of the greater 
depth, width and bed profile, is the navigable channel 
capable of carrying the greater flow, and hence is the 
main channel of the Chobe River in the vicinity of 
Kasikili/Sedudu Island. Botswana’s case is supported by 
all the official surveys carried out on the spot, and by 
scientific evidence based on geomorphology, hydrology 
and fieldwork, as well as the 70-year series of aerial 
photographs taken between 1925 and 1997, and the 
satellite imagery of 1975, 1995 and 1996” [16]. 
Due to the evidence material, this case gained 
particular importance as “much of this material is either 
new or was previously inaccessible. Scientists play an 
increasingly important role in the resolution of disputes, 
even at international level” [17] and among these 
scientific sources satellite data played a crucial role. 
 
2.2 Satellite data for frontier disputes 
However, even knowing the main channel of a river 
may lead to conflicts as it may occur that it has shifted 
over the past, a situation which may raise further frontier 
disputes. This also happened in the case between Burkina 
Faso and Republic of Mali concerning their frontier 
dispute [18], a border conflict due to the fact that the 
riverbed had geographically shifted from when the 
border was set during colonial period. During the 
proceeding, various maps and data, among them satellite 
imageries, were presented by the parties to the ICJ to 
settle the demarcation dispute. The parties even agreed to 
consult three experts which should assist in the 
demarcation process. 
In this context satellite imageries were of help to 
situate or to relocate the riverbed as it has changed its 
course over decades since the decolonisation period. 
Indeed, satellite data could show their merits as on both 
sides the local populations may feel justified to argue that 
their settlement were on one or another side of the river. 
From the daily perspective of living on the ground, they 
could not have recognised a change of the riverbed which 
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may have shifted slowly over decades (especially in wide 
geographically areas with low or rural infrastructure). 
Therefore, satellite data can provide an overview of the 
whole area and, in combination with data from the past, 
a more reliable impression of the concerned topographic 
situation allowing a better evaluation of the 
circumstances in border delimitations disputes. However, 
the Court questioned the technical reliability of the maps 
during the process, the neutrality of its sources and the 
multiple ways of interpretation of the data. 
 
2.3 Satellite data to solve human settlements 
A further case related to territorial delimitation also 
emanating from the African continent is known as “Land 
and Maritime Boundary between Cameroon and 
Nigeria” [19]. Cameroon brought this border dispute 
between the two countries to the ICJ with respect to the 
question of sovereignty over Bakassi Peninsula 
containing vast oil resources. Thus, the Court was 
requested to determine the course of the maritime frontier 
between the two States. However, this case is of special 
interest as satellite imageries were not only presented 
during the proceedings, but were especially of utmost 
importance after the ICJ delivered its judgment to 
monitor its implementation. 
Furthermore, satellite data revealed that both 
countries had villages across the newly delimited 
boundary lines as the Court’s judgment has not 
considered the lives and circumstances of people. 
Therefore, the Mixed Commission was asked to find a 
solution in order to avoid further conflicts. Satellite 
images were acquired by UN cartographic experts to 
draw up the final demarcation maps [20] to settle this 
dispute in order to guarantee a peaceful environment 
allowing stability and security in this area. 
 
2.4 Satellite data for maritime delimitation 
While several examples can be in order to show how 
useful satellite data may be to resolve conflicts related to 
maritime delimitation issues, here a particular case 
relating to Latin America will be used. In this regard, the 
case “Territorial and Maritime Dispute between 
Nicaragua and Honduras in the Caribbean Sea” (2007) 
[21] is instructive. The Court was asked to adjudge on 
sovereignty over four islands located in the disputed area. 
In this procedure, Honduras showed a “set of satellite 
photos of the river mouth in seven different years from 
1979 to 2011” [22] proving the migration of the islands. 
Based on these satellite images, it became obvious that 
the islands have formed in the mouth of the Rio Coco, as 
the river drops its sediment. 
 
2.5 Satellite data to demonstrate environment impacts 
Moreover, the increasing importance of satellite data 
in the context of environmental impacts has to be 
underlined, in this case again in the context of Latin 
America. This was set out in the case “Certain Activities 
Carried out by Nicaragua in the Border Area” (2015) 
[23]. Indeed, Costa Rica introduced proceedings against 
Nicaragua due to alleged two separated incidents, the 
occupation and use of its territory by Nicaragua’s army 
and the damaging of Costa Rica’s environment by 
constructing a canal across Costa Rican territory and 
hereby seeking to divert the flow of the San Juan River 
[24]. For the dredging, trees were felled and sediments 
from the dredging work were deposited on Costa Rican 
territory. The dredging of the San Juan River (Nr. 3) 
“seriously affected the flow of water to the Colorado 
river of Costa Rica, and will cause further damage to 
Costa Rican territory, including the wetlands and national 
wildlife protected areas located in the regions” (Nr. 5). 
Additionally, Costa Rica accused Nicaragua of causing 
serious impacts on the environment, habitat and 
especially on the wetlands as a result of these activities. 
Therefore, Costa Rica referred “to a report of 4 January 
2011 drawn up by the Operational Satellite Applications 
Programme of the United Nations Institute for Training 
and Research (“UNITAR/UNOSAT report”) relating to 
the geomorphological and environmental changes likely 
to be caused by Nicaragua’s activities in the border 
region” (Nr. 33). Nicaragua however stated that the 
works on the canal were necessary due to the fact that it 
became obstructed over the years by the sedimentation of 
its river bed. The works caused no harm to the 
environment and were necessary to make the canal more 
navigable for small vessels, an obligation for the 
sovereign of the river under international law (Nr. 38, Nr. 
40). Even though it is a territorial conflict, the subject of 
the clean-up operation and its environmental impact has 
been especially evidenced by various maps and satellite 
photographs. In consequence, the Court considered it as 
proven that Nicaragua has violated Costa Rica’s 
territorial sovereignty and thus has to compensate Coast 
Rica for its material damage. 
 
2.6. Satellite data to prove military weapon installations 
The case “Oil Platforms” which opposed the Islamic 
Republic of Iran to the United States of America (2003) 
[25] demonstrates that satellite data may be of utmost 
importance not only to reveal the use of weapons, but also 
that the geographical features and the consistence of the 
ground was allowing the installation of a solid weapon 
system for cruise missiles. The US submitted satellite 
data by stating that this “photographic evidence and 
expert testimony will squarely refute Iran’s claim that it 
did not maintain missile sites in the Faw area, including 
its claim that the Faw was composed ‘almost entirely’ of 
marshland, and was therefore incapable of sustaining 
missile sites” [26]. This example clearly demonstrates the 
value of satellite data in proving the presence of military 
installations, and this could thus also be applied to any 
cases in Africa or Latin America. 
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2.7 New fields: use of satellite data to prove human 
rights violations 
In more recent times, satellite imageries were even 
presented to the ICJ to prove the violation of human 
rights, for example in the case Georgia versus. Russian 
Federation [27] but also in relation to the African 
continent, various incidents led to the use of satellite 
imageries to prove human rights violations or to use them 
as tool of investigation. 
In this context it has to be highlighted that satellite 
images published in an Amnesty report were useful to the 
Zimbabwean Lawyers for Human rights in their 
presentation to the African Court on Human and People’s 
Rights to demonstrate the housing demolitions in 
Zimbabwe [28]. Furthermore, satellite imagery can be 
extremely useful to monitor wide rural areas. Despite the 
Ethiopian government’s announcement to relocate rural 
people to improve their lives, Human Rights Watch 
questioned it by presenting satellite imagery series taken 
between 2009 and 2011 revealing that “villagers living 
within the Gambella region of Western Ethiopia have 
been relocated to smaller and less desirable plots of land, 
possibly to make way for large foreign-owned 
commercial farms” [29]. 
Satellite date may also provide evidence of war 
crimes or serve as an efficient investigation instrument. 
As an example, genocide in Darfur [30] and the unlawful 
attack against the peacekeepers of the African Union can 
be mentioned. Based on satellite data, the damage on the 
MGS Haskanita military base in northern Darfur in 
September 2007 could therefore be demonstrated along 
pre-attack and post-attack satellite imageries [31]. Also, 
various proceedings have been initiated by the 
International Criminal Court (ICC) in the Democratic 
Republic of the Congo (DRC) on crimes committed in 
the DRC during the war and conflicts in its aftermath 
[32]. 
Finally, it has to be highlighted that the Permanent 
Court of Arbitration (PCA) in The Hague also admitted 
satellite imagery as evidence, even if they are emanating 
from commercial satellites. The Ikonos high-resolution 
satellite imagery supported the claims of Eritrea 
submitted in 2002 in a report entitled “Ethiopia’s 
Violations of International Law Arising From Its Attacks 
on and Occupation of the Central Zone of Eritrea” [33]. 
The admission of commercial satellite data is a further 
valuable step in the use of satellite imagery in trials. 
 
3. The African space-education ecosystem for 
sustainability and the role of educational technologies 
Education has been tied to the concept of sustainable 
development since the beginning, given the role of 
education as the foundation for “enlightened opinion and 
responsible conduct” [34]. Without this, it is dubious 
whether any “sustainable trajectory” [3] can endure. As 
the Bruntland Commission report put it, “[t]he changes 
in human attitudes that we call for depend on a vast 
campaign of education, debate, and public participation” 
[35]. While this manuscript cannot go into detail on the 
goals related to education as these shifted from the 
MDGs to the SDGs, for more information on this see 
[14]. However, one of the key elements in successfully 
meeting the education-related goals and targets of the 
SDGs is aligning these with regional (Agenda 2063) and 
national goals (such as the National Development Plan 
2030 in the case of South Africa).  
In the case of this manuscript, the focus is placed 
exclusively on the realm of teriary education – a critical 
aspect of SDG 4. The first important dimension of 
promoting SDG 4 in Africa (or in Latin America) is to 
interrogate the concept of quality education. In this 
regard, it is critical to note that the “notion of quality is 
not a simple one; rather it is problematic, contested and 
multidimensional” [36]. Accordingly, a model was 
drawn up to unpack the most critical aspects of quality 
(Fig. 1). 
   
 
Fig. 1. Educational quality equation [14] 
 
Via an interrogation of learning outcomes that 
support sustainable development (namely systemic or 
holistic thinking; the integration of different perspectives 
through inter- and multidisciplinarity; problem-solving, 
critical thinking, creative thinking, and self-learning 
skills; and awareness, attitudes, and values related to 
sustainable development) and which together constitute 
transformative learning, the argument is also made that 
alongside sustainable development in education, the 
sustainable development of education must also be 
pursued.  
This is especially pertinent given severe challenges 
related to access to tertiary education in Africa, and the 
promise of Information and Communications 
Technologies to extend educational access to meet the 
needs related to massification on the continent. In this 
sense, the infusion of ICTs into education is not a new 
phenomenon in African education, but there are many 
ways in which this can be enhanced and further 
promoted. E-Learning is a critical dimension of this, and 
in line with the above argument, the transformation of e-
learning into Sustainable e-Learning (SeL) was 
proposed. The dimensions of SeL are outlined in Fig. 2.  
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Fig. 2. Sustainable e-learning (SeL) model [14]  
 
In terms of  the role of space in implementing SDG 4 
in Africa, the Symbiotic Education Enabler Model for 
Space (SEEMS) was created based on three mutually 
reinforcing interrelationships between space and 
education—each forming a ‘pillar’ of the African 
education-space ecosystem (Fig. 3).  
 
 
Fig. 3. The Symbiotic Education Enabler Model for 
Space (SEEMS) [14] 
 
The first of these ‘pillars’ is derived from UNOOSA’s 
earlier assertion that space supports education in two 
ways—by facilitating educational programme delivery, 
and by motivating students to pursue studies in the 
natural sciences. This represents the most direct way in 
which space activities, applications, and data support 
education (including SDG 4). However, in addition to 
this it is necessary to recognise a specific subset of 
education, namely space-related education (astronomy, 
aerospace engineering, Earth and Planetary Sciences, 
space law, and others). This space education also 
supports the SDGs, including SDG 4, in a general way by 
promoting the acquisition of science, technology, 
engineering, and mathematics (STEM) skills, as well as 
technical and vocational skills. Not only are students thus 
motivated to study sciences, as UNOOSA argues, but 
many students are also motivated to study space studies 
because of the positive influence of space in supporting 
education. This thus forms the second ‘pillar’ of the 
SEEMS model. Finally, these urgently needed skills then 
feed into the next generation of space professionals, thus 
highlighting that SDG 4 also supports space, just as space 
supports SDG 4. This space sector is precisely what 
produces the next cycle of support for education and 
motivation for studying space, thus producing an upward 
spiral.  
 
3.1 Space supporting education 
Space technology, data, applications, and activities 
most directly impact education in the context of the 
previous discussion through expanding access to the 
Internet (the first ‘pillar’ of the SEEMS model). For all 
its promise to expand access to education, e-learning 
requires access to the Internet. As we have discussed, 
African education systems will have to accommodate 
millions of new entrants by 2030, and in most cases 
existing institutions of higher education are struggling to 
accommodate current demands for access. In South 
Africa for example there is a national imperative to 
dramatically increase university enrolments and 
graduation rates, and the reason why this example is so 
pertinent is because South African challenges relating to 
massification are not dissimilar from those encountered 
in other African countries. One way to connect existing 
university campuses with the Internet is via satellite. In 
the case of Somalia, one of the countries with the lowest 
Internet penetration in the world, it was observed that 
“[s]ome of the universities have VSAT [very small 
aperture terminal] dish installed on the campus, which is 
connected directly to international satellite-based ISP 
[Internet Service Providers]” [37]. 
 
3.2 Space education supporting SDG 4 
This section will consider how space education 
specifically helps to support these goals, in the second 
‘pillar’ of the SEEMS model. Across Africa, countries 
are gearing up new space programmes and acquiring new 
satellites. For these countries, there have been a few 
options in this regard, and the aspect of purchasing a 
satellite with training services is a potent example of 
vocational training serving the SDGs. For the most part, 
when a country decides to procure its first satellite, skills 
to build and operate it locally are not available or 
sufficient, and in this case countries turn to training 
packages. Algeria serves as a good example here.  
In several different instances Algeria has procured or 
jointly built a satellite with foreign partners, but in all 
cases they have been careful to ensure that local 
engineers obtain the skills to enable Algeria to build 
satellites independently. 
Another example of space-related education 
furthering the SDGs is the two African Regional Centres 
for Space Science and Technology Education 
(ARCSSTE), one in English based in Nigeria, and one in 
French based in Morocco, established by UNOOSA. 
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Having been established in 1998, the two African centres 
“run common curricula on four thematic areas of space 
science and technology education”, including in areas 
such as satellite communication, basic space science and 
atmospheric physics, and remote sensing [38]. In the case 
of ARCSSTE-E in Nigeria, this centre has had positive 
knock-on effects that “either initiated or encouraged the 
establishment of space related courses in some tertiary 
institutions in Nigeria”, and ARCSSTE-E “also led to the 
establishment of the Nigerian space agency called 
‘National Space Research and Development Agency 
(NASRDA)’” [38]. The centre also undertakes outreach 
programmes aimed at the public, students, and policy 
makers, as well as workshops, seminars, and 
conferences. It further promotes awareness of, and 
knowledge in, international space law. The ARCSSTE 
are examples of space-related education facilities 
becoming hubs for wider societal benefit, and since they 
“made giant strides in education and training of 
specialists” and in public and policy-maker outreach, 
they support the broader SDGs through skills 
development and the promotion of the sustainable 
development culture (including the role of science and 
technology in supporting that culture). 
 
3.3 SDG 4 and education supporting the African space 
sector 
In recent years, African countries have been making 
“increasingly ambitious” efforts to expand their space 
science and technology because “[i]nvesting in space 
science and technology can serve as a key enabler for 
inclusive and sustainable development in Africa” [39]. It 
was also pointed out that, as argued by UNOOSA, space 
can motivate students to pursue studies within the 
sciences, and thus “[b]y reaching out to young people, 
building their interest in astronomy and other areas and 
enhancing scientific education in this way, we can bolster 
enrolment rates in Stem subjects” [39]. Ultimately, the 
third ‘pillar’ of the SEEMS model focuses attention on 
the way in which these educational advances can then: 
“help build the critical mass of scientists, researchers 
and engineers on whom the success of the AU’s space 
strategy depends. At the same time … equipping the next 
generation with high-level scientific and technical 
competencies will help African nations train and retain 
the highly skilled personnel necessary to enhance 
productive sectors and boost our continent’s structural 
economic transformation” [39]. 
This neatly illustrates the symbiotic relationship 
between space and education in relation to SDG 4 in 
Africa. Space science, technology, data, and activities 
support education and hold the great promise that, as the 
South African Freedom Charter proclaimed in 1955, 
“The Doors of Learning and Culture Shall be Opened!” 
[40] - including doors of learning in space-related fields, 
which then in turn produce the skills necessary to both 
support sustainable development and generate the next 
wave of advances in space that then feed back into 
supporting education and motivating the next round of 
students. 
 
4. Conclusions  
In conclusion, it can be stated that in terms of SDG 
16, satellite data were already highly useful in ICJ trials 
due to the fact that satellite imageries can provide factual 
data. Especially in combination with satellite data banks 
of the past, they enable a better evaluation of the 
circumstances. As satellite data can depict a more reliable 
overview of the whole situation, they are leading to fairer 
and more equal justice for which the Sustainable 
Development Goal 16 is reaching.  
As highlighted at the beginning of this analysis, more 
justice means more stability within every community. 
However, Courts may need (more) experts in satellite 
data in the future in order to appreciate and get a better 
insight into the reliability of satellite data and its 
interpretation. This is of particular interest as there are 
still no uniformed regulations in view of the analysis and 
interpretation of satellite data. In order to guarantee the 
independence and thereby the reliability, it would be 
recommendable for the International Court of Justice to 
have also its own in-house expert and not to have to rely 
on experts presented by the involved parties. This may 
foster the reliability of the judgements even more. 
Therefore the International Criminal Court enlarged its 
in-house expertise. In its manual, based on the outcome 
of its related workshop, various types of scientific 
evidence for international investigations are listed such 
as satellite/remote sensing data, photographic 
imaginaries/digital and video evidence or forensic 
techniques.  
Therefore, a next step should be to elaborate measures 
or international rules in view of uniform ways of data 
processing and interpretation as it is the processed data in 
form of a satellite images which will serve as evidence in 
courts. By increasingly learning to trust satellite 
imageries, fewer conflicts will hopefully emerge in 
consequence, allowing and leading to more development. 
In terms of SDG 4, the goal was to illustrate how 
interdependent space and the educational SDGs are in 
Africa by way of the tertiary education sector, and by 
making special reference to e-learning as one of the ways 
in which space technology can facilitate educational 
delivery to meet the needs of massification on the 
continent. It was also argued that the relationship 
between space and education constitutes a symbiotic 
ecosystem that also ultimately supports the growth and 
success of the space sector in Africa. It was argued that 
one of the learning outcomes related to sustainable 
development is systemic thinking, which is also 
necessary when analysing the ways in which space 
interacts with, and supports, the SDGs. The SDGs do not 
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thus stand in isolation, but also rely on regional and 
national development strategies for their implementation. 
A variety of models were also presented to support 
arguments in relation to what ‘quality’ education means 
in general (the education quality equation) and 
specifically within e-learning, representing an 
operationalisation of SeL. It was thus emphasised that it 
is also necessary to look at the means of learning itself to 
place education on a sustainable trajectory to meet the 
urgent and serious challenges facing Africa.  
The final model focused on the symbiotic 
interrelationship between space and SDG 4, but as 
argued, this also serves the ends of Africa’s Agenda 2063 
and national development strategies. Space is thus not 
only a means for enacting the SDGs, but an end in itself 
to generate skills in short supply and to advance African 
space ambitions. 
Africa faces many challenges if it is to avoid 
repeating the experience of the MDGs where unfulfilled 
goals marred an otherwise noble endeavour to end the 
worst miseries of poverty and to empower communities 
to take their destinies into their own hands. The role of 
space in supporting the SDGs needs far more recognition 
if the 2030 targets are to be met, and if Africa’s 
continental vision and national development strategies 
are to be successful.  
Thus, space can no longer be viewed as an optional 
factor or luxury in the sustainable development equation, 
and if the space sector itself is to change lingering 
misconceptions about its value for developing societies, 
or find the skills it will need to take its rightful place on 
the global stage, it is incumbent on the sector and its 
professionals to continue to seek out ways in which to 
support education and educational technologies. The 
citizens of the global South need both science and critical 
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